
UNCLASSIFIED ; WL

DOCUMENT )N PAGE Faroprraced

AD-A20 3  496 RS .VE.A

S. JSJUTIONIAVAILA81UTY OF AE. oRT

Approved for public release:
2b OtI-ASSFICAICN/OWNGRAONr SCr(EDULE distribution unlimited.

4, PERFORMING ORGANIZA7ION REPORT NUMSER(S) jS. MONITORING ORGANIZAION REORT NUMBER(S)

?N/A. N/A
6a NA,. E OF PERFORMING CRGANIZATION Gb. OFFiCS SYMEOL Ia. NATE OF MONITORING ORGANIZATION

of applcable)

Defense Mapping Agency PA DMA F.vdrograohic1To oorai hic Center

6c AOORESS (Cry, Stare, and ZIP Coce) 7b. ADORESS (Ci y Stare. and ZJP Cz-de)
|Build ing 56, U.S. Naval observatory |6500 Brookes Lane

Washington, D.C. 2030-5-3000 Washington, D.C. 20315-0030

| a, N ME OF FLNOING/P ONSORING "8 tbl. 'OFFiK
=  

Y -,,'OL - p., _ R= E -{II;R M N O N IF,}TQ U B .

IDMA Hvdro/Tooo Center GSCC NIc ACORt SJS i Scareand ZIP Coce) .. . .; SCUR CE OF FLINOING NUMSE.3 4AK

T1 GA - 7ASK 1NCF, IT
6500 Brookes Lane I 'tE P.RCg---o |CZS'O .

Washington, D.C. 20315-0030 -. N N1"

r1. nL- (lnc;uce Securrr-j Cjificac~nj

DMA Orbit Determination of the Navy Navigation Satellite System -- 1987

%2. P=FFSNAL AUTHOP.(S)
Murphy, J.Kenneth and Jones, Pobert J.

13a. TYPE OF REPORT 113b. -11ME COVERED j1.,. 0 ATS --- a EOR 14ZMnr.a' IS ON

Final I FROM Jan 87 TOQj.871 1988 October 3 1 40
Si. SUPPLEMENTARY NCTATICN

This is one of a series of reports presenting annual summaries of satellite
orbit'computations and associated data.
17. COSATI C00=5 . IS. SUSJECT TERMS [Concnue an rever- it fecC-strf and .aernfy y bWork numverl

,IE'. Goup Sus-GaauP ITracking Stations Nova Satellite Ephemeris

8 I 5 I Tracking Network Oscar Satellite Time Stability t
I I Transit Satellite Doppler Polar Positions

19. A&ST'-Ac, (Cznnnue On rever-e if n cesary and identify by biock numOer)

The Defense Mapping Agency Hydrographic/Topographic Center (DMAHTC) performs

precise orbit computations for Navy Navigation Satellite System (NNSS) sat-
ellites, also called TRANSIT, using Doppler observations Collected by a

around either a Tranet II or a Magnavox 1502 DS receiver. Table 1 lists the

current stations while Figure 1 shows the tracking network configuration.
Recorded Doppler counts, surface weather measu'rements, and other appropriate,

* data are transmitted via satellite communications or over other telecommuni-
cation links to DMAFTC for processing, time corrections, and orbit determlina-

" " tion. There are two classds of NNSS satellites -- 'the "Oscar" and the "Nova'

The Nova satellites represent the latest generation of TRANSIT satellites.
For Nova satellite 30480 and Oscar satellites 30110, 30130, 30200, 30240, an(
30300 data w re prOCd n  tw-.day fits. For Nova satellite 30500, data
ere brocese in Sn ee llww BTRC -oR7 C.SIPCTO
20, 0". ITIOUIN 1AVAILeBIUTY 0; AS-RACT. . SCTS UJ Y .. ASiiFICTION

UN C.ASS;IE0'U%1UMITIEo, 2 0 AME AS RPT. on o USE, Uncla ssi
22a. N.M%. OF RESPONSILs. w4OVOU. "- movt TELNP

H
ONE (Indude Area Code) 22c- OFFICE SYNSOL

J. Kenneth Murphy ( •202)227-2251. GSGC

00 Forrn 1473, JUN 86 Prevoul eTdons are o',olere. SECURITY 0-A S;FICA 1ON OF THIS ?-G:

SUNCLASSIFIED



DMA ORBIT DETERMINATION
OF THE

NAVY NAVIGATION SATELLITE SYSTEM
1987

J. KENNETH MURPHY
ROBERT J JONES

DEFENSE MAPPING AGENCY

WASHINGTON, DC 20305-3000

890206



ANNUAL REPORT ON

DMA ORBIT DETERMINATION OF THE

NAVY NAVIGATION SATELLITE SYSTEM

1987

J. KENNETH MURPHY

ROBERT J. JONES

DEFENSE MAPPING AGENCY

WASHINGTON, DC 20305-30000

- - ---- .------

-u . " . .

J/



TABLE OF CONTENTS
Page

Introduction 1

1987 Tracking Stations (Table 1) 2

1987 Tracking Network (Figure 1) 4

Status Report On Usable Satellites As Of December 1987 (Table 2) 5

TRANSIT Orientation Chart (Figure 2) 6

Ephemer ides 7

1987 TRANSIT Ephemeris Availability (Table 3) 9

Summary of Ephemeris Quality (Table 4) 10

Time Stability 11

Satellite Frequency Error Plots (Figures 3, 4, 5, 6, 7, and 8) 13-18

1987 Mean Frequency Stability (Table 5) 19

Polar Motion 20

1987 Polar Motion Processing Scheme (Table 6) 21

1987 Polar Motion Plots (Figures 9, 10, 11, 12, 13, 14, and 15) 22-28

Comparison Of Doppler and BIH Polar Motion 1987 (Table 7) 29

Acknowledgements 30

References 31

Appendix: DMAHIC Pole Position Values 1987 32

i



LIST OF FIGURES

Figure Page

1 1987 Tracking Network 4

2 TRANSIT Orientation Chart 6

3 Satellite 30110 Frequency Error Plot 13

4 Satellite 30130 Frequency Error Plot 14

5 Satellite 30200 Frequency Error Plot 15

6 Satellite 30240 Frequency Error Plot 16

7 Satellite 30300 Frequency Error Plot 17

8 Satellite 30480 Frequency Error Plot 18

9 Satellite 30110 Polar Motion Plot 1987 22

10 Satellite 30130 Polar Motion Plot 1987 23

11 Satellite 30200 Polar Motion Plot 1987 24

12 Satellite 30240 Polar Motion Plot 1987 25

13 Satellite 30300 Polar Motion Plot 1987 26

14 Satellite 30480 Polar Motion Plot 1987 27

15 Satellite 30500 Polar Motion Plot 1987 28

ii



LIST OF TABLES

Number Page

1 1987 Tracking Stations 2

2 Status Report On Usable Satellites As Of December 1987 5

3 1987 TRANSIT Ephemeris Availability 9

4 Summary Of Ephemeris Quality 10

5 1987 Mean Frequency Stability 19

6 1987 Polar Motion Processing Scheme 21

7 Comparison of Doppler and BIH Polar Motion 1987 29

iii



INTRODUCTION

The Defense Mapping Agency Hydrographic/Topographic Center (DMAHTC)

performs precise orbit computations for Navy Navigation Satellite System

(NNSS) satellites, also called TRANSIT, using Doppler observations

collected by a worldwide network of stations. Equipment at these sites is

configured around either a Tranet II or a Magnavox 1502 DS receiver.

Table 1 lists the current stations while Figure 1 shows the tracking

network configuration. Recorded Doppler counts, surface weather

measuretents, and other appropriate data are transmitted daily via

satellite communications or over other telecoimmunication links to DMAHTC

for processing, time corrections and orbit determination. There are two

classes of NNSS satellites - the "Oscar" and the "Nova". The Nova

satellites represent the latest generation of TRANSIT satellites. For

Nova satellite 30480 and Oscar satellites 30110, 30130, 30200, 30240 and

30300, data were processed in two-day fits. Fcr Nova satellite 30500,

data were processed in one-day fits. Table 2 and Figure 2 provide

additional information on these satellites.
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TABLE 1: 1987 TRACKING STATIONS

1502 DS Stations

Station Number Station Location

30690 Herndon, Virginia
35000 Ascension Island
35004 St. Helena Island
35006 Dhekelia, Cyprus
35010 Diego Garcia Island
35011 Cambridge Bay, Canada
35012 Bahrain, Persian Gulf
35013 Asuncion, Paraguay
35015 Wichita Falls, Texas
35017 Sioux City, Iowa
35018 Shemya, Alaska
35021 Las Cruces, New Mexico
35022 Quito, Ecuador
35024 Sigonella, Italy
35025 Santiago, Chile
35026 Kinshasa, Zaire
35027 Aurora, Colorado
35028 Bangkok, Thailand
35029 Rapid City, South Dakota
35036 Idaho Falls, Idaho
35037 Flagstaff, Arizona
35038 NAS Fallon, Nevada
35039 NAS Meridian, Mississippi
35047 Grissom AFB, Indiana
35048 Hickam AFB, Hawaii

Tranet II Stations

545 Smithfield, Australia
547 Brussels, Belgium
548 Mizusawa, Japan
550 Herndon, Virginia
552 Las Cruces, New Mexico
553 Guam (U.S.)
554 Pretoria, South Africa
555 Sao Jose, Brazil
556 Anchorage, Alaska
557 Thule, Greenland
558 Mahe, Seychelles
559 San Miguel, Philippines
560 Tafuna, American Samoa
561 Austin, Texas
562 McMurdo, Antarctica
563 Calgary, Canada
564 Ottawa, Canada
565 Wettzell, West Germany

2



567 Kerguelen~ Aand
568 Papeete, Tahiti
569 Toulouse, France
570 Hermitage, United Kingdom
590 San Fernando, Spain
591 Kourou, French Guiana

3
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TABLE 2: STATUS REPORT ON USABLE SATELLITES AS OF DECEMBER 1987

TRANSIT Satellite Number Launch Date Status

30110 28 Oct 1987 Operational 121 months

30130 18 May 1967 Operational 246 months

30'0 29 Oct 1973 Operational 169 months

30240 3 Aug 1985 Operational 28 months

30300 3 Aug 1985 Operational 28 months

30480 15 May 1981 Operational 76 months

30500 12 Oct 1984 Operational 36 months

These satellites are controlled by the Navy Astronautics Group (NAG)
headquartered at Point Mugu, California.
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FIGURE 2: TRANSIT ORIENTATION CHART

Satellite 30480 00
.7300 deg!y-r

;atellite 30300
-5.5480 deg/,yr

Saatellite 30500
.91254 deg/yr

Satellite 30100
-. 355 deg/yr

Satllite 30200
-2.3360 deg/yr

SSatellite 30130

-11.5705 deg/yr 10

Right Ascension Epoch '87236



EPHEMERIDES

Orbits for the six TRANSIT satellites were computed in 1987 on a one-day or

two-day basis as previously mentioned, using the CELEST orbit determination

program. Ephemerides were computed for the days provided in Table 3.

The orbit computation program provides sufficient diagnostic information to

judge the overall quality of estimated ephenerides, the stability of

satellite and tracking station clocks, and the performance of the tracking

network. One quantity computed within the CELEST program, used as a

measure of ephemeris quality, is the station navigation solution. After the

satellite epheneris is estimated, each individual pass of Doppler data

acquired during the fit span is used to adjust the geodetic coordinates of

the tracking station in directions along and perpendicular to the slant

range vector to the satellite at its time of closest approach during the

pass. These individual two - parameter station adjustments provide a

measure of the consistency of the data with the estimated ephemeris. From

these station navigation estimates, a weighted root mean square (RWS) is

computed, where the weighting factor for each pass is chosen as the

variance of the pass navigation solution.

Table 4 provides the average of the tUS station navigation results for all

orbit determinations computed during 1987. These average values, labeled

tangential (along - track direction) and radial (slant - range direction),

are a measure of the internal consistency of computed ephemerides with the

acquired Doppler data.



A measure of orbit repeatability can be obtained by comparing the estimated

satellite position at the beginning of each fit span with the estimated

satellite postion at the end of the previous span. These comparisons are

made in the radial, tangential, and normal directions using the satellite

positon and velocity vectors to define the coordinate systen. Averages for

these quantities for the year 1987 are found in Table 4 under orbit

consistency.



TABLE 3: 197 TRANSIT EPHEMERIS AVAILABILITY

TRANSIT Satellite Number Day Number

30110 1-265,267-365

30130 1-365

30200 1-365

30240 189-365

30300 1-259

30480 1-289,295-365

30500 1-365
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TIME STABILITY

Time stability for the Navy Navigation Satellite Systen is maintained

through the operations of the Naval Astronautics Group at Point Mugu,

California. Time is maintained for Oscar satellites through the deletion

of cycle counts generated by a satellite crystal oscillator operating at a

frequency slightly above a nominal frequency. Fractional frequency

fluctuations are compensated for by estimating oscillator instability and

by adjusting cycle counts appropriately. An actual time drift will still

occur; however, the time error will be maintained within prescribed limits.

For Nova satellites time stability is maintained by varying the frequency

of the satellite crystal oscillator. This frequency steering occurs daily,

as necessary, for satellite 30500 but is not used on satellite 30480 due to

a partial failure of the frequency steering mechanism.

As part of the DMAHTC orbit determination solution, satellite frequency

bias and drift are estimated. Frequency bias causes a time drift to occur

equal to the ratio of the frequency bias to oscillator base frequency

multiplied by the effective time span of tine bias. Frequency drift causes

a quadratic time error equal to the ratio of the frequency drift to

oscillator base frequency multiplied by one - half the square of the

effective time span of the drift. The long - term frequency stability for

the Navy navigation satellites was calculated using the estimated daily

frequency bias from CELEST orbit processing. Since this value is readily

available on a one-day or two-day basis, long term trends in frequency

stability were obtained. Figures 3 through 7 give the plots of estimated

frequency bias for Oscar satellites 30110, 30130, 30200, 30240 and 30300

respectively. Figure 8 gives similar results for Nova satellite 30480.
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Based on these data, average annual frequency drifts for each satellite

were computed and are given in Table 5.
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TABLE 5: 1987 MEAN FREQUENCY STABILITY

TRANSIT Satellite Number Daily Mean Drift *

30110 -30 x 10-6

30130 13 x 10 - 6

30200 70 x 10-7

30240 -20 x 10-6

30300 53 x 10-6

30480 -30 x 10-7

30500 **

Units: Cycles per second per day at I E

** Stability is maintained by active frequency steering.
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POLAR MOTION

Included among the parameters estimated in the orbit determination program

is the position of the Earth's spin axis with respect to the pole of the

adopted Defense M4apping Agency WGS-84 terrestrial frame. The scheme used

to compute daily pole values is as follows: each satellite for which

two-day spans of data are used for orbit determination is designated to

have an odd or even starting day number. Consequently, for each day of the

year, pole positions are determined using less than seven satellites. The

fit scan and two-day designator are provided in Table 6 for each satellite.

Satelinie data processed daily produce pole position estimates on both odd

and even days. Figures 9 through 15 are plots of the 1987 DMAHTC Doppler

pole position values for each NNSS satellite. Much of the detail of the

plot for Nova satellite 30500 is lost due to the density of data points and

their scatter. Table 7 is a comparison of Doppler and BIH polar motion

values for 1987.
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TABLE 6: 1987 POLAR MOTION PROCESSING SCHEME

TRANSIT Satellite Numnber Processino Interval (Days) Designator
One-Day Two-Day

30300 - 1-259 Even

30130 - 1-364 Even

30200 - 1-364 Odd

30240 - 189-364 Odd

30110 - 1-265 Even
267-364

30480 - 1-289 Odd

295-365

30500 1-364 ---- Even, Odd
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TABLE 7: COMPARISON OF DOPPLER AND BIH POLAR MOTION 1987

X - Component Y-Component

TRANSIT Satellite Number Mean* RMS Mean* RMS Number of S0

30110 .0078 .0183 -.0094 .0197 182

30130 .0093 .0198 -.0138 .0241 153

30200 .0023 .0200 -.0098 .0196 153

30240 .0023 .0104 -.0130 .0170 89

30300 .0021 .0137 -.0119 .0190 129

30480 .0008 .0074 -.0065 .0102 151

30500 .0010 .0090 -.0068 .0119 364

* Mean of Doppler - BIH

Units are in arc seconds.
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